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(54) Polyacetal resin composition ex- 
cellent In heat stability and surface 
processability and process for surface 
treating same 

(57) A polyacetal resin composition 
comprises (a) about 100 parts by weight 
of polyacetal resin (b) about 2 to about 
35 parts by weight of carbonate, phos- 
phate, acetate or their mixture of a 
metal belonging to Group II of the 
periodic table and <c) about 0.01 to 
about 20 parts by weight of polymer, 
copolymer or their mixture of a com- 
pound selected from unsaturated 
polyester, aikyl ester of (meth)acrylic 
acid, (methjacrylamide, trlallyl cyanu- 
rate, diallyl phthalate, vinyl acetate and 
divinylbenzene. Articles molded from 
this composition are surface- 
roughened by dipping the molded arti- 
cle into an aqueous solution containing 
sulfuric acid. After this treatment the 
surface of the molded article is recep- 
tive to a surface coating, such as elec- 
troplating. 
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polyacetal resin are deteriorated and, simultaneously, the effect of improving surface processabllity rather 
drops and heat stability at the time of molding is also deteriorated. Considering these balance, therefore, the 
amount of the salt Is preferably in the range of about 2 to about 35 parts by weight and more preferably in the 
range of about 2 to about 25 parts by weight per about 100 parts by weight of polyacetal resin. 
5 On the other hand, the inventors conducted extensive studies about this polyacetal resin composition, i.e. 5 
various compositions comprising a polyacetal resin and various salts of metals belonging to Group II of the 
periodic table of which average particle size and amount are in the ranges defined above, to reveal that, in 
etching a molded product with an appropriate acid, i.e. an acidic solution or an oxidant solution, the molded 
product itself is cracked and specular character and mechanical performances of plated product are 

10 markedly deteriorated if the acidic or oxidant solution is particularly strong and that, if the condition of 10 
molding are not controlled sufficiently at the time of molding, the molded product can sometimes be 
discoloured and streaks of decomposition gas formed by the thermal decomposition of polyacetal resin at 
the time of molding can sometimes remain in the surface of the molded product. 
The Inventors conducted further studies with the aim of solving these problems. As the result. It was found 

15 that the above-mentioned problems can be overcome by additional incorporating, into the above-mentioned 15 
polyacetal resin composition, a polymer, a copolymer or their mixture of a compound selected from 
unsaturated polyester, alkyl ester of acrylic acid or methyacrylic acid, amide of acrylic acid or methacrylic 
acid, triallyl cyanurate, diallyl phthalate, vinyl acetate and divinylbenzene. Based on this finding, the present 
invention was accomplished. 

20 As said unsaturated polyester, a product obtainable by esterifying an unsaturated dicarboxyllc acid or its 20 
mixture with a saturated dicarboxylic acid or a saturated or unsaturated monocarboxylic acid with a 
polyhydric alcohol or its mixture with a monohydric alcohol can be used. 

As the acid used for the production of said unsaturated polyester, malelc acid, malefc anhydride, fu marie 
acid, itaconic acid, citraconic acid, endomethylenetetrahydrophthalic acid and the like can be used as said 

25 unsaturated dicarboxylic acid, and o-phthalic acid, phthalic anhydride, isophthalic acid, terephthalic acid, 25 
ocipic acid and the like can be used as the saturated dicarboxylic acid. Mixtures of two or more members of 
them can also be used. As said monocarboxylic acid, acetic acid, propionic acid, butyric acid, benzoic acid, 
acrylic acid, methacrylic acid and the like can be used, and mixtures of two or more members of them can be 
used. The above-mentioned carboxylic acids may also be supplied in the form of alkyl ester such as methyl 

30 ester, dimethyl ester or the like. 30 
As said polyhydric alcohol, ethylene glycol, propylene glycol, butanediol, diethylene glycol, dipropylene 
glycol, glycerin, trimethylolpropane and the like can be used. As said monohydric alcohol, methanol, 
ethanol, ally! alcohol and the like can be used. 
An example of preferable unsaturated polyesters is an ester comprising isophthalic add, maleic anhydride 

35 and diethylene glycol. ^5 
Said unsaturated polyester, in order to facilitate its thermosetting, is frequently provided in the form of a 
mixture with a crosslinking agent having reactive unsaturated bond, such as, a vinyl monomer or a 
prepolymer having an unsaturated residue of vinyl group. As said crosslinking agent, styrene, a- 
methylstyrene, vinyl pyridine, vinyl pyrrolidone, vinyl propionate and the like can be used. 

40 When styrene, a-methylstyrene, vinyl pyridine, vinylpyrrolidone, vinyl propionate or the like is added as a 40 
crosslinking agent, its amount is preferably in the range of about 0.2 time to about 1 .0 time the weight of 
unsaturated polyester or the total weight of unsaturated polyester and other compounds {as has been 
mentioned above, it is such a range that the weight of unsaturated polyester or the total weight of 
unsaturated polyester and other compounds becomes about 20 parts by weight or less per about 100 parts 

45 by weight of polyacetal resin). In case of using together with crosslinking agent, said amount of the 45 
unsaturated polyester means the amount including that of the crosslinking agent used. 

In the component (c) of this invention, when said unsaturated polyester is copolymerized or mixed with 
other compounds, their proportion may be selected arbitrarily. 
As said alkyl ester of acrylic acid or methacrylic acid, those of which alkyl group has 1-5 carbon atoms and 

50 preferably 1-2 carbon atoms can be used recommendably. 50 
In this invention, accordingly, the abovementloned component (c) to be incorporated Into polyacetal resin 
(a) together with the salt of metal belonging to Group II of the periodic table (b) constitutes an indispensable 
constructional condition of the invention. The object of adding component (c) will be again summarized 
hereunder. It is added for the purpose of preventing a molded product from crack formation even when the 

55 etching is carried out with a particularly strong acidic solution or oxidant solution and, at the same time, for 55 
the purpose of preventing the deterioration of heat stability at the time of molding which may occur when a 
salt of metal belonging to Group II of the periodic table is added to polyacetal resin. 

Though the reason why the cracking at the time of etching can be prevented is not known clearly, it seems 
to be as follows. When a salt of a metal belonging to Group II of the periodic table is added to polyacetal 

60 resin, the composition obtained is rigid and has an increased internal strain. When the above-mentioned 60 
component (c) is added thereto, the internal strain becomes smaller or disappears owing to a plasticizer-like 
action of component (c), so that the formation of crack can be prevented. 

Though the amount of component (c) used in this invention varies depending on its kind, it Is preferably 
used in an amount of about 0.01 to about 20 oarts bv weiaht and more oreferablv in an amount of »hnnt am 
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reference to the drawing showing the area surrounded by the straight line connecting the 100% point of 96% 
sulfuric acid on abscissa and the 100% point of 85% phosphoric acid on ordinate and the two axes. This area 
can be divided into the following parts: 

(1 ) The left-side part of line a: Adhesion force, i.e. the peeling strength (kg/cm) of plated metal layer 

5 formed after etching and by subsequent plating process, is so low as less than 1 kg/cm. In the figure, this 6 
corresponds to the low sulfuric acid concentration region residing in the leftside of the line a denoting 15% 
by weight of 96% sulfuric acid. 

(2) The under side of line b : The etching time for giving maximum adhesion is too long (more than 1 50 
minutes is necessary at 40°C) so that productivity is poor. In the figure, this corresponds to the region 

10 residing in the left-down side of the straight line b connecting 35% by weight point of 96% sulfuric acid and 10 
45% by weight point of 85% phosphoric acid. 

(3) The upper side of line c: The etching time for giving maximum adhesion Is too short (1 minute or less 
at 40°C) so that stability is poor. In the figure, this corresponds to the region residing in the right-upper side 
of the straight line c connecting the 75% by weight point of 96% sulfuric acid and the 90% by weight point of 

15 85% phosphoric acid. 15 
All the above-mentioned regions (1 ), (2) and (3) are unemployable industrially, and the region other than 
(1), (2) and (3), i.e. the shadowed region which is surrounded by lines a, b and c in the figure, is the 
industrially employable region of this invention. When expressing the contents of said 96% sulfuric acid and 
85% phosphoric acid by "x" and "y"< respectively, the shadowed region is the range limited by the formulae, 

20 20 

x 35 15, y > -}x + 45 and y s£ -J-X + 90. 

Further, an aqueous solution having the total content of said 96% sulfuric acid and 85% phosphoric acid 
25 being 45 to75% by weight and the content of said 96% sulfuric acid being 1 5% by weight is preferable, and 25 
furthermore, in the shadowed region, the upper side 

( y ss±x - 20 ) of the straight line d connecting the point of 20% by weight of 96% sulfuric acid and the point of 
90% by weight of 96% sulfuric acid and 10% by weight of 85% phosphoric acid is particularly preferable. 

30 The sulfuric acid and the phosphoric acid used in this invention may be usually commercialized ones. As to 30 
sulfuric acid, that having a concentration of 96% is usually available, while as to phosphoric acid that having 
a concentration of 85% is usually available. The concentration area of this invention has been determined on 
these bases. When sulfuric acid and/or phosphoric acid having a different concentration Is to be used, it is 
necessary to use the acid or acids after re-calculation on the basis of its actual concentration. 

35 Next, as examples of use of the molded product obtained from the composition of this invention, 35 
electroplating process and coating process will be illustrated. 

The electroplating of molded plastic articles has extensively been known hitherto and is industrially 
employed in the case of ABS or the like. These disclosed processes may also be applied to the electroplating 
of the polyacetal resin composition of this invention. For example, each process is carried out in the 

40 following manner according to the description of Modern Plastics Encyclopedia, pp. 1019-1021 (1967): 40 

(1) Defatting of molded article: The object of this process is to remove the fat of human hand or the 
mechanical oil adhering on the surface of molded article. This is carried out by dipping or vapor defatting 
with 1,1,1 -trichloroethane. Defatting with conventional detergent is also possible. 

(2) Surface roughening: A molded article is immersed in the above-mentioned acid. Though the 

45 conditions of immersion vary with kind of molded article and composition of acid, the combination of 45 
temperature and time is selected so that the final plated product can have an excellent appearance (specular 
character) and around maximum and stable peeling strength. Some examples are shown in the Examples. 

<3) Endowment of electrical conductivity (sensitizing, activation and electroless plating): The roughened 
surface thus obtained is dipped in an aqueous HC1 solution containing SnCI 2 and then in an aqueous HC1 

50 solution containing SnCI 2 and then in an aqueous HC1 solution containing PdCI 2 . According to a more 60 
preferable process adoptable, it is dipped in a mixed aqueous HC1 solution containing SnCI 2 and PdCI 2 in 
one step. Thus, nuclea of Pd are deposited on the roughened surface, around which a thin layer of nickel is 
formed chemically at the next process. Thus, an electrical conductivity is given to the surface of molded 
article. 

65 (4) Electroplating : Electroplating is carried out to a thickness fit for the use according to the usual method 55 
in the order of, for example, Cu/Ni/Cr. 

When the polyacetal resin molded product having an excellent surface processability is etched and 
electro-plated in the above-mentioned manner, the adhesion or peeling strength of the plated layer is about 
1 kg/cm or more and usually about 1 .5 to about 2.5 kg/cm. The etched article also shows a surprising effect in 
60 the case of other than metal plating, namely in the case of coating or adhesion with adhesive, which 60 
demonstrates the usefulness of the polyacetal resin composition of this invention. 

Next, the coating process will be illustrated. The molded article is defatted and surface-roughened by the 
same or similar process as in electroplating, after which the surface is thoroughly dried. Then general 
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a LTcnntp.nantMc.n, P.»- !^™^^^^r«.b.,l W w..n r »~. »»»«"»■ 
Then, the etched plaque was plated In the usua i ma Seiyaku Kogyo Co., Catalyst i 

rrn p .=r.r^^^^ 

' 5 Krr2K™^^X= . hW n.nT* 1 .,.™p-c «. 

measured by the following methods: „„_„„, breaking lines, 10 mm apart, were drawn on the 

m W PeeHng strength of plated P^£»^SXlm~*«^»^™^ 

25 stability and exoallant in plating chafactaristlcs. 
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(Note 1 ) ® Injection molding can be carried out quite satisfactorily under usual conditions. 

O Injection molding is possible without practical problems though the range of suitable 

conditions are somewhat narrow. 
A At the time of injection molding, streaks are formed due to decomposition of resin. 
> x Extrusion is impossible 

(Note 2) Appearance was evaluated by the naked eye according to the following criterion: 
O The so-called mirror surface having no crack. 
A Obscure image though the face is reflected; no crack, 
x No reflected image of face; crack formed. 

(In the following Tables, same symbols as above have the same meanings as above.) 
(Note 3) 0.20 part by weight (Example 8) and 0.04 part by weight (Example 9) of 2,5-dimethyl-2,5-di(t- 

butylperoxyMiexane was added as polymerization initiator. * 
(Note 4) Degree of polymerization 200 (Nihon Gosei Kaguku Kogyo Co.); the other compounds were of 
chemically pure grade. 
1 5 (Note 5) Upica ®CLC-834 (manufactured by Toyo Boseki Co.) 
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Examples 14-17 and Comparative Examples 3-4 

100 Parts by weight of polyacetal resin "Tenac ®5010" (manufactured by Asa hi Kasei Kogyo Co., acetal 
homopolymer, general grade) was mixed with 8.7 parts by weight of magnesium carbonate (average particle 
20 size 2-3 microns), barium carbonate (average particle size 2 microns), barium acetate (average particle size 3 20 
microns) or calcium hydrogen phosphate (average particle size 2-3 microns) in place of the calcium 
carbonate, and as a reactive compound, an appointed quantity of unsaturated polyester [a mixture 
comprising 70 parts by weight of a polyester prepolymer, which was produced from isophthalic acid/maleic 
anhydride/diethylene glycol (= 1 mole/1 mole/2 moles) and has an average polymerization degree of 10, and 
26 30 parts by weight of styrene as cross-linking agent] by means of a tumbler, after which the mixture was 25 
kneaded and pelletized by means of an extruder in the same manner as above. 

The heat stability of this pellet was measured and, at the same time, a plaque was made therefrom and 
plated by the same process as in Example 1 to investigate the performances of plated product. 
Heat stabilities of these polyacetal resin d compositions and the performances of the plated products were 
30 as shown in Table 2. 30 
(Ail the above-mentioned metallic salts were of chemically pure grade. Barium acetate was used after 
pulverization In a mortar, while the other were used as they are.) 
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Examples 18-20 and Comparative Exampfes 5-6 

100 Parts by weight of polyacetal resin "Tenac ® 5010" (manufactured by Asahi Kasei Kogyo Co.) was 
mixed with 1 1.1 parts by weight of calcium carbonate (manufactured by Shiraishi Calcium Co.) having the 
various average particle size shown in Table 3 and 1.1 parts by weight of unsaturated polyester 
5 (manufactured by Toyo Boseki Co.). The resin composition obtained was plated by the same method as in 5 
Example 1, and performances of the plated products were investigated. 

Performances of these plated products were as shown in Table 3. 

TABLE 3 

10 10 

Comparative Example Example Example Comparative 



No. 



Examples* 18 19 20** Example 6 



Average particle size 

15 of calcium carbonate 0.08 1.0 1.25 3.6 5.0 15 

(micron) 

Heat stability x O © ® © 

20 Appearance - O O ^ * 20 

Peeling strength - 2.0 2.0 1.5 1.0 

(kg/cm) 

25 * Extrution was impossible. 25 
** It is applicable to uses for which good appearance is not necessarily required. 

Examples 2 1-23 and Comparative Example 7 
The same etched plaque as in Table 3 was used. After being etched, it was thoroughly washed with water, 
30 air-dried, coated with an acrylic coating material (manufactured by Tokyo Paint Co.) and then baked at 150°C 30 
for 30 minutes. Adherence of coated film was tested by pressing a strip of pressure sensitive transparent 
adhesive tape over an area of the surface which was cross hatched with Ve" sqares and then stripping the 
tape away. The results are shown in Table 4. 

35 TABLE 4 35 

No. Example 21 Example 22 Example 23 ^T^plel^ 

40 Average particle size of 40 
calcium carbonate 1.0 1.25 3.6 5.0 

(micron) 

Adherence of coating film © © O * 

45 45 
Gloss Glossy Glossy Glossy Not glossy 

Criterion for the evaluation of adherence test: 
© No change occurs at ail. 

50 O Partial peeling occurs at corner parts. 50 
x Percentage of peeled squares is 20% or less 
xx Almost all the squares are peeled. 

Examples 24-27 and Comparative Examples 8- 10 
55 Using the same calcium carbonate as in Example 1 (average particle size 1.25 microns), plating was carried 55 
out by the same method as in Example 1, provided that the amount of calcium carbonate was varied as 
shown in Table 5 and unsaturated polyester was added in an amount corresponding to 10% of the amount of 
calcium carbonate (parts by weight). The results are shown in Table 5. 
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Examples 28-3 1 and Comparative Examples 1 1- 12 

The experiment of Examples 25-27 and Comparative Example 8 was repeated, except that "Duracon • 
M90-02" (manufactured by Poly plastics Co., acetal copolymer, general grade) was used as polyacetal resin. 
The results are shown In Table 6. 
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The results are shown in Table 7. 



S a. 



oo 



10 



o 

s 



2 f 



GL 

I I 



00 £ 




a 
E 



® 



o ™ °- 

£ ^ - 



14 GB 2 035 335 A 



14 



Examples 35-40 and Comparative Examples 14- 18 

The same plaque having a thickness of 3 mm as in Example 1 was plated In the same manner as in 
Example 1, provided that the composition of etching solution was varied as shown in Table 8. Peeling 
strengths of the plated metal layers obtained were as shown in Table 8. 
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5 composition of etching solution: 

96% sulfuric acid 4 parts dy wei»«» 

potassium bichromate 45 ^ fay we|ght 

t a/ at or 



II Ul Ol^i-'O — 

1JE . ,^ 55 parts by weight 

96% sulfuric acid _ ^ 4 ^ by weight 1Q 



(a) about 100 parts by weight of polyacetal resin, (W aboutz xo >m f fc teb|e an<J (<j) aboutO Olto 
periodic 

^ A oolvacetal resin composition accorumy w about 4.0 microns. ~ Q 

30 4 A poly-fl ~i« puM.*. oCW'* T\l „, 
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16. A molded product which has been electroplated or coated by a process according to Claim 15 

17. A polyacetal resin composition according to Claim 1 substantially as described in any one of the 
Examples. 

, W A T! ded product ob teined by molding a polyacetal resin composition according to any one of Claims 
i to 6 or Claim 17. 
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